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.  *  Cr :ne3o-Congo  henorrhagic  *ever  CCCHF?  v:rus  was  t -ansn ; tt£C 

from  infected  adult  Hyalomma  ticks  to  j~4nfect-ed  larval  and  nymphal  H/elonma  tick? 
while  cofeeoing  dr  a  guinea  pig  host  that  erd  not  have  a  detectable  virenia.When  : 
tected  after  feed i,-g  with  infected  adults,  three(0.3!p ^of  270  H.trurcatum  larvae 
I  contained  detectable  CCHF  virus  (mean  virus  titer  1C  "plaque-forming  uni  Ts<PFU/ti 
The  virus  was  transmitted  fansstadial ly  from  infected  larvae  and  was  detected  in 
id  11.2%)  of  1,253  nymphs  and  12(0.1%)  of  2,049  adults.  Virus  was  recovered  from 
IS  (1.9%)  of  931  K .  1  mpe  1 1  a  turn  nymphs,  which  originated  fren  larvae  that  ec^ed  w-.*hL 
ir-fected  adults,  CCHF  virus  was  detected  in  21  (4.3%)  of  A49(mean  v 4 rus  titer  1C  ’r 
P^l.’/t i ck) f  ed  nymphs,  tut  none  of  886  adults  tested  after  molt.  Results  of  tris 
study  indicate  that  a  small  proportion  of  ei t ne-  larvae  or  ryirohs  may  acquire  CCHF 
infection  while  cc+^eding  on  a  host  without  a  detectable  viremia. 
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TRANSMISSION'  OF  CRIMEAN-CONGO  HEMORRHAGIC  FEVER 
VIRUS  IN  TWO  SPECIES  OF  HYAl.OMMA  TICKS  FROM 
INFECTED  ADULTS  TO  COFEEDING  IMMATURE  FORMS 

S(  on  W  (iOROON.  KFNNITH  .1  I  INIHKTM.  \M.  I  R  MOI  LTON 
/ h;\i>  ’ •>:<  ’!!  ol  hpidcnu,  >/. > i,* i  !h\t\i\f  twcvoiieui  Dm.\n>n.  I  .  -S'.  1 rmv  Medical  Research  hmuuu' 
a!  luteciums  Di\Ctisc\.  I <>rl  Delin  k.  A  rctScrn  k  Maryland 

Abstract.  Crimean-Congo  hemorrhagic  fever  «'CHF)  virus  ivas  transmitted  from  in¬ 
fected  adult  llyahnnina  ticks  to  uninfected  larval  and  nymphal  Hyahmtna  ticks  while 
cofeeding  on  a  guinea  pig  host  that  did  not  have  a  detectable  viremia.  When  tested  after 
feeding  with  infected  adults,  three  (0.8%)  of  370  II.  truncation  larvae  contained  detectable 
CCHF  virus  (mean  virus  titer  10' "  plaque-forming  units  1PFU]  tick).  The  virus  was  trans¬ 
mitted  transsiadially  from  infected  larvae  and  was  detected  in  1  5  1 1 .2%)  oi  1 .253  nymphs 
and  1 2  (0.1%)  of  2.044  adults.  Virus  was  recovered  from  18(1  .4%)  of  43  1  //  impcltatwn 
nvmphs.  which  originated  from  larvae  that  cofed  with  inlected  adults.  After  //  impchatuw 
nymphs  cofed  with  infected  adults.  (  (  HI-  virus  was  detected  in  21  (4.3%)  ol  444  (mean 
virus  titer  10  PFC  lick)  fed  nvmphs.  but  none  of  886  adults  tested  after  molt.  Results 
of  this  study  indicate  that  a  small  proportion  of  either  larvae  or  nvmphs  may  acquire  O  HI 
infection  while  cofeeding  on  a  host  without  a  detectable  viremia. 


The  maintenance  and  transmission  cycles  of 
Crimean-Congo  hemorrhagic  fever  (CCHF)  vi¬ 
rus  (family  Bunyav'ridae.  genus  VamniritM  in 
nature  are  not  well  understood.  Transovanal 
transmission  oft  CHI-  v  irus  in  the  principal  lie- 
alaninia  spp.  tick  vectors  could  serve  as  a  main¬ 
tenance  mechanism,  however,  transmission  rales 
reported  in  the  literature  may  be  too  low  to  have 
an  important  impact  on  v  irus  maintenance.  Most 
vertcbra’es  infected  with  <  (  III  virus  in  nature 
are  not  thought  to  be  important  reservoirs  for 
the  virus  because  very  few  develop  high  v  irc- 
mias  Jones  and  others  described  a  novel  mode 
ot  arbovirus  transmission  of  Ihogolo  virus  to 
ticks  while  colccding  with  infected  ticks  on  a 
guinea  pig  that  did  not  have  a  detectable  v ne- 
nna  It  (  (  Iff  virus  tiansniission  occurred  be¬ 
tween  tick  vectors  feeding  on  hosts  without  a 
detectable  viremia.  many  vertebrates  could  po¬ 
tentially  serv e  as  reservoirs  l  aboratory  tick-in- 
teclion  studies  with  <  <  111  and  Dughe  (Bunv- 
aviridac.  Vii/rniirtni  viruses  suggest  that 
uninfected  adult  licks  c  an  acquire  v  irus  infec  tion 
while  cofeeding  with  infected  adults  on  guinea 
pigs  without  a  detectable  viremia  however,  pos¬ 
sible  venereal  transmission  or  transmission  bv 
liypcrparasitism  could  not  be  ruled  out  in  these 
studies  1 

I’rev  ious  studies  showed  that  ('('III-  v  irus-in- 
oculated  guinea  pigs  become  mice  led  but  do  not 


develop  a  detectable  viremia  (Kenyon  R.  I  S. 
Army  Medical  Materiel  Development  Activity, 
fort  Delink.  Frederick.  MI),  unpublished  data) 
This  study  was  designed  to  determine  if  (  (  Hf 
v  irus  could  be  transmitted  from  infected  II i 
ah  an  nia  adults  to  immature  ticks  while  cofeed¬ 
ing  on  a  guinea  trig 

MM  I  KIM  s  \Nl>  Stt  1  HODS 

I  n  k\  and  ultima  pics 

licks  used  in  tins  study  were  obtained  fiom 
laboratory  colonies  of  I  hah  ">i.nia  i'lnhalnm 
(I  16.  established  with  13th  generation  colony 
spec  imens  obtained  from  the  National  Institute 
ot  Virology.  Sandringham.  Republic  of  South 
Africa  1  and  II  impcllaliwi  1 1  3.  established  with 
field  collected  specimens  from  3  onofere. 
Senegal  )  and  were  maintained  in  our  laboratory 
1  o  ensure  that  the  tick  colonies  were  not  infected 
with  ((HI  virus,  adults  used  to  establish  the 
colony  were  tested  for  the  presence  of  virus  in 
cell  culture  and  were  found  to  be  tree  ot  virus 
During  nonparasitic  phases  the  licks  were  held 
in  a  plexiglass  chamber  maintained  at  a  relative 
humidity  of  42-4N%  and  at  26"(  .  with  a  12:12 
hr  I  1 )  photopcriod  Adult  guinea  pigs  (strain  13. 
600  g  or  larger)  were  used  as  host  animals  for 
tick  infestation  in  all  experiments 
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I  inis 

The  CCHF  \irus  (strain  IhAr  i 0200)  used  in 
this  study  was  isolated  from  It  c\ca\iilitm  (as 

II  anaioiiaim  eve annum)  near  Sokoto.  Nige¬ 
ria."  The  reference  stock  was  obtained  from  the 
Vale  Arbovirus  Research  Cnit(New  Haven.  CT) 
as  lyophih/ed  third  mouse  brain  passage  mate¬ 
rial.  The  virus  was  further  passed  15  times  in 
newborn  mice  by  the  intracranial  route.  A  work¬ 
ing  stock  virus  consisted  of  a  clarified  10"n  sus¬ 
pension  of  triturated  infected  suckling  mouse 
brain  in  medium  14T  prepared  in  Hanks'  bal¬ 
ances!  salt  solution  (H-lysb  with  I  mg  nil  of 
NaHCO  plus  5**11  heat-inactivated  (56°(  for  50 
mini  fetal  bovine  serum  (IBS).  1 00  units  ml  of 
penicillin.  1(10  ag  nil  of  streptomycin.  and  7.5 
ag  ml  of  fungi/one.  The  virus  titer  vvas  10'  " 
p!ai]ue-forming  units  (PFC)  ml  as  measured  by 
plaque  assay  on  SW-13  (human  small  cell  car¬ 
cinoma  of  the  adrenal  cortex)  cell  monolayers.  " 

I  inis  us  stir  procedure* 

Ticks  were  triturated  in  FI- Ids)  with  10%  !  US 
plus  100  units  nil  of  penicillin.  100  ug  ml  of 
streptomycin.  2.5  m g  ml  of  lungi/one.  and  so  ug 
ml  of  gentamicin  (PSFCi)  (2  ml  for  adults  and  I 
ml  for  immature  stages)  in  tissue  grinders,  and 
suspensions  were  prepared  according  to  the 
methods  described  by  Logan  and  others.  Ali¬ 
quots  of  0.1  ml  of  the  suspensions  were  inocu¬ 
lated  onto  SW- 1  5  monolayers  in  1 2-well  plates, 
adsorbed  for  I  hr  at  36°(  .  then  overlaid  with 
().(>%  Seakem  (I  NK  Bioproducts.  Rockland.  MF> 
agarose  in  Eagles  minimum  essential  medium 
with  nonessenual  amino  acids.  10%  FBS.  0 . 1  •’<» 
I. -glutamine,  and  PSF(>.  Cell  cultures  were  in¬ 
cubated  at  3b°C  in  a  humidified  CO.  incubator 
for  plaque  development  and  were  stained  after 
four  days  with  another  overlay  of  the  above  me¬ 
dium  containing  330  ug  ml  of  neutral  red.  Plaques 
were  counted  after  an  additional  day  of  incu¬ 
bation  Virus  recovered  f.ont  lick  suspensions 
was  identified  in  a  plaque-reduction  neutraliza¬ 
tion  test  with  anti-CCHF  virus  mouse  hyper¬ 
immune  ascitic  lluiil.  Serum  samples  were  ob¬ 
tained  from  host  guinea  pigs  one  I  day  before 
infestation  and  at  seven.  14.  21.  and  2K  days  after 
tick  feeding,  and  were  tested  for  antibody  to 
CCHF  virus  by  indirect  immunofluorescence" 
and  antibody-capture  enzyme-linked  immuno- 
soibcnt  assay  (E1.1S  M  1 


InthliOri  and  tran\»ui.dnn  I’.xpcrtnwnis 

Adult  1/  inmcaium  and  II  imptllalum  ticks 
were  infected  with  C(  HE  virus  by  intracoelomic 
inoculation  through  the  coxal  membrane  of  the 
hind  leg  with  a  hne-tipped  syringe  pulled  from 
0.6-mm  diameter  capillary  lubes.  Each  tick  re¬ 
ceived  approximately  0.27  ul  of  stock  virus  sus¬ 
pension.  Samples  of  inoculated  ticks  were  as¬ 
sayed  immediately  after  inoculation  and  at  seven. 
14.  and  21  days  to  determine  viral  titers. 

Three  experiments  were  conducted  seven  days 
after  inoculation  of  adult  ticks  with  CCHF  virus 
because  previous  studies  found  that  viral  titers 
in  ticks  attained  maximum  levels  at  this  time." 
In  experiment  1.  II  minimum  larvae  (approx¬ 
imately  1 .000  guinea  pig)  were  cofed.  on  each  of 
six  guinea  pigs,  with  three  pairs  of  v  irus-inocu¬ 
lated  H  trtmemum  ado's.  In  experiment  2.  II 
tnijH'Ininon  larvae  (approximately  1.000  guinea 
pig)  were  cofed.  on  each  of  two  guinea  pigs,  w  ith 
three  pairs  of  virus-inoculated  II.  tmpchatnm 
adults.  In  experiment  3.  II  impi/iaium  nymphs 
(approximately  300  guinea  pig)  were  cofed,  on 
each  of  six  guinea  pigs,  with  live  pairs  of  v  irus- 
inoculated  II  impclmuim  adults.  In  each  exper¬ 
iment.  immature  forms  were  led  on  guinea  pigs 
two  days  after  infected  adults  had  attached  to  the 
host. 

Previous  studies  have  shown  that  the  mean 
feeding  times  for  II  minimum  larvae  and  adults 
are  four  and  eight  days,  respectively.’  The  mean 
feeding  times  for  II  impcluitum  larvae,  nymphs 
and  adults  arc  six.  seven,  ami  eight  days,  re¬ 
spectively.  Most  immature  forms  dropped  off 
the  host  from  one  dav  before  to  approximately 
one  day  after  infected  adults  dropped  otf.  As  re¬ 
plete  larvae  or  nymphs  dropped  oil.  they  were 
collected  and  sampled  daily  for  virus  isolation 
until  drop  olf  was  complete.  1  he  number  of  im¬ 
mature  forms  that  were  assayed  for  virus  as  they 
dropped  olf  the  host  after  eofeediiig  with  infected 
adults  varied:  however,  approximately  5%  of  the 
larvae  and  30%  of  the  nymphs  that  dropped  oil 
on  a  given  day  were  assayed  After  molting,  the 
licks  were  placed  for  attachment  on  guinea  pigs 
not  prev  iously  infected  with  CCHF  virus  or  not 
previously  infested  with  ticks,  and  the  process 
repeated  to  the  adult  stage. 

This  research  was  conducted  in  compliance 
with  the  Animal  Welfare  Act  and  other  Federal 
statutes  and  regulations  relating  to  animals  and 
experiments  involving  animals  and  adheres  to 
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Tabu  1 

hiWiu'fi  rut  vs  ;t!  Hyalomma  truncatum  ru  k\  after  <■ v- 
pi  ^urv  i  ;v  larvae  to  (  rmicau-C  om,***  hvmerrhditic  vi¬ 
rus  while  o>Urdnn:  with  tunned  adult'* 


l  tli-  stage 

N..  m lev  led 
tli>  ti-slcc! 

Mi  . in  log 

1*1  l  Ilik 

1  tans 
misMott 
!«•  host- 

Fed  larvae 

3  .V’O(O.X) 

1.6 

6  6 

l  nt'ed  n>  mph 
{ 1 57  pools) 

2  "SI  (0.31 

Z.y 

l  ‘nt’ed  n\mph 
indi\  iduals 

(01 

0.7 

Ted  ns  mph 

14  1.1(14(1.3) 

l.S 

2  4 

l  n led  adult 

"  !."><>  (0.4) 

2.1 

- 

F  ed  adult 

5  2»3  ll  ") 

1.0 

1  6 

'ii>  ,  unns.  h*-.jU|  no;  U  evaluated  m  tinted 

>.  ,.IV*  *«  1 1 : "rls 

*  |nosi;!.ned  adults  it  an  sni  it  led  the  virus  wl.,' •  tokednig  wish  unm- 


principles  staled  in  the  tinkle  for  tl n ■  Care  and 
I  sc  r  •/  Lahwatory  Inonuls.  NIH  Publication  86- 
2?.  19X5  edition. 

RfcSI  1  IS 

The  mean  virus  titers  in  ('("HP-inoculated 
adult  II  truncatum  and  II.  tnipcllaruni  were  10  ‘ 
and  ID  '  PR'  tick,  respectively,  when  assayed 
at  the  time  of  guinea  pig  infestation  In  each  of 
the  three  experiments,  inoculated  adults  trans¬ 
mitted  C( 'HP  \  irus  to  guinea  pigs,  as  evidenced 
by  detection  of  antibodies  to  the  virus  21  days 
after  tick  infestation  (Tables  1-3).  No  virus  was 
detected  in  the  guinea  pig  sera  when  tested  by 
plaque  assay  during  the  period  of  tick  feeding. 

Ilwilnmnni  truth  at  uni  larv  ae  (3  |0.X%|  of  .TO) 
became  infected  while  simultaneously  feeding  on 
guinea  pigs  with  previously  infected  II  ininca- 
nun  adults  l  iable  1).  Virus  was  transstadially 
transmitted  subsequently  to  nymphs  and  adults. 
Nymphal  ticks  transmitted  virus  to  50% (2  of 4) 
and  adult  ticks  transmitted  virus  to  l7,,n(!  of  6). 
of  the  guinea  pigs  used  as  hosts. 

No  virus  was  delected  in  134  replete  II.  on- 
pci taliun  larvae  that  cofed  with  inoculated  adults: 
however,  virus  w  as  recov  ered  from  ny  mphs  from 
molted  larvae  (Table  2).  Alter  a  hloodmeal  on 
naive  guinea  pigs.  15  of  X50  replete  nymphal 
ticks  had  detectable  ('('HP'  virus  infections  and 
I  of  4  of  the  host  animals  seroeonverted,  indi¬ 
cating  that  virus  transmission  had  occurred.  No 
virus  was  detected  in  adults  exposed  as  larvae: 
however.  75%  (3  of  4)  of  the  guinea  pigs  used  as 
hosts  contained  antibody  to  CCHF  virus  after 
adult  tick  feeding. 


T  vm  r  2 

hiiccunn  rales  m  Hyalomnia  inipeliatuni  neks  a’lcr 
c’Y/iminv  as  larvae  In  Crvncan-Cnnen  hi  ninrrhuvn 
lever  virus  while  infccding  with  t  nice  led  adults* 


t  ilc  stage 

No  imW ifti 

no  tested 

t  "n  i 

Mean  log 

I’M  in-k. 

\  ra::> 

to  hosfr 

Fed  larvae 
l/nfed  nymph 

(1  134(01 

•  0.7 

1  A 

(46  pools) 

3  503  (0.6) 

1.0 

- 

Fed  nymph 

15  X50  (1.8) 

2.8 

I  4 

l  nt'ed  adult 

o  565  (0) 

0.7 

- 

Fed  adult 

o  128  «)| 

•  0.7 

V  4 

*  f*l  i  plaque-1 

•  fitting  ■Mills  -  v  oil 

id  not  he  evaluate 

\t  in  unfed 

nstnphv  ;t ;td  adults 

r  loom  la  led  .ui lilts  transmuted  the  virus  while  ci-kvdttjj;  with  iir.ui- 
tested  l:it  v. le 

In  experiment  3.  more  than  4"n  (21  of  4X9)  of 
the  II.  inipchatuni  ny  mphs  that  cofed  with  in¬ 
oculated  adults  contained  detectable  virus  (Table 
3).  Although  no  \  irus  was  found  in  the  XX6  adults 
derived  front  exposed  nymphs.  CCHF  virus  was 
transmitted  to  40%  (2  of  5)  of  the  guinea  pigs 
used  as  hosts. 

DISCISSION 

In  this  study.  II  truncation  larvae  and  II  int- 
pcltanott  larvae  and  nymphs  became  infected 
with  ('<  HP  virus  while  cofeeding  on  guinea  pigs 
with  adult  ticks  inoculated  seven  days  prev  iously 
with  CCHF  virus.  No  vircmni  was  detectable 
using  SW-13  cell  culture:  however,  guinea  pig 
serum  inoculated  into  adult  II  truncation  neks, 
which  were  then  incubated  for  seven  days,  trit¬ 
urated.  and  inoculated  onto  SW- 1 3  cell  cultures, 
yielded  virus.  As  demonstrated  by  the  detection 
of  antibodies  to  CCHF  virus,  inoculated  adult 
ticks  transmitted  virus  to  guinea  pigs.  These  ob¬ 
servations  are  similar  to  the  findings  reported  by 
Jones  and  others.'  in  which  Thogoto  virus  in- 
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lection  in  guinea  pigs  also  produced  ver>  low- 
level  virus  replication. 

Our  inability  to  detect  CC'HF  virus  in  unfed 
nymphs  in  experiment  1  and  adults  in  experi¬ 
ments  7  and  3  may  result  from  low  viral  liters 
in  ticks  and  low  sensitivily  of  our  viral  assay  on 
SW-13  cells.  Serologic  evidence  of  virus  trans¬ 
mission  to  guinea  pigs  demonstrated  that  these 
stages  were  infected.  The  previous  studies  that 
assayed  ticks  infected  with  C  C'HF  virus  in  SW- 
13  cells  found  dial  some  low-titered  virus  infec¬ 
tions  were  not  detected.'  " 

Detecting  CC'HF  virus  infection  in  nyntphs  and 
adults  arising  from  ticks  exposed  to  CC'HF  virus 
as  either  larvae  or  ny  mphs  demonstrates  that  the 
ticks  became  infected  and  that  the  virus  was 
transmitted  transstadially.  Because  virus  recov¬ 
ers  rates  in  unfed  ns  mphs  and  adults  were  lower 
than  rales  in  fed  nymphs  and  adults,  it  is  possible 
that  transmission  mas  also  have  occurred  be¬ 
tween  infected  and  uninfected,  cofeeding  ns  mphs 
(experiments  1.2)  and  cofeeding  adults  (experi¬ 
ment  1 1.  Jones  and  others  found  that  salivary 
gland  enhancement  of  Thogoto  sirus  transmis¬ 
sion  in  a  nons  iremic  host  occurred  after  ticks 
were  attached  to  a  host  lor  4-h  days.  //yah  Mi¬ 
ma  truncation  nymphs  and  adult  females  feed 
an  average  of  eight  days'  and  II  impcltatum 
ns  mphs  feed  for  seven  days.  Virus  tilers  in 
ns  mphs  and  adullsafter  moiling  from  lars  ae  and 
nymphs  were  slightly  higher  than  those  observed 
in  larvae  and  nymphs  exposed  to  virus.  Simi¬ 
larly.  the  demonstration  that  both  nymphs  and 
adults,  exposed  as  larvae  or  ny  mphs.  transmitted 
((111  s  irus  to  guinea  pigs  indicates  that  the  s  i- 
rus  infection  in  ticks  was  disseminated  to  the 
salivary  glands. 

The  use  of  cofeeding  adults  and  immature 
forms  excluded  the  possibility  that  venereal 
transmission  was  the  mechanism  by  which  un¬ 
infected  ticks  became  infected.  My  pcrpara.iiti.sm 
still  could  have  occurred,  since  adults  and  im¬ 
mature  forms  were  placed  on  the  guinea  pig  with¬ 
in  the  same  feeding  cell,  however,  immature 
forms  were  closely  monitored  after  infestation 
and  those  that  failed  to  attach  were  removed  after 
24  hr.  Previous  studies  have  reported  that  (  t  il F 
virus  replication  in  //.  truncation  and  II  impel 
laniM  increases  during  blood  feeding.  In¬ 
creased  viral  replication  in  ticks  during  blood 
feeding  may  have  enhanced  the  transmission  of 
the  virus  to  uninfected  ticks. 

Although  llvalomma  ticks  can  be  infected  with 


C  C'HF  virus  while  feeding  on  newborn  mice  in¬ 
oculated  with  the  virus,  we  have  not  been  able 
to  infect  ticks  on  adult  laboratory  animals  in¬ 
oculated  with  the  virus.’  The  demonstration  of 
virus  transmission  to  uninfected  ticks  thiough 
cofeeding  on  a  host  without  a  detectable  viremia 
marks  our  first  success  in  infecting  ticks  on  adult 
animals.  These  results  provide  supporting  lab¬ 
oratory  evidence  for  the  epidemiologic  obser¬ 
vations  incriminating  II  truncal  uni  and  //  im- 
pclhiluin  as  vectors  of  CC'HF  virus.  The  overall 
infection  rate  in  ticks  exposed  as  larv  ae  to  a  non- 
v  iremic  host  was  0.7%  in  H  truncation  and  0.9% 
in  //.  impcltatum. 

The  observation  that  transmission  of  CC'HF 
virus  occurred  in  two  different  tick  species  during 
cofeeding  on  a  host  with  an  undetectable  level 
of  virus  when  assayed  in  SW-13  cells  suggests 
that  this  mode  of  transmission  might  be  more 
than  an  isolated  phenomenon.  The  transmission 
reported  here  may  be  an  important  observation 
in  the  ecology  of  CC  'HF  virus  because  the  dis¬ 
tribution  and  population  densities  of  Hyatomma 
spp.  ticks  are  closely  associated  with  the  occur¬ 
rence  of  CC'HF  virus,  particularly  in  Africa.  // 1  - 
alonona  spp..  including  II  truncation  and  II 
impcltatum.  arc  found  on  a  wide  v  ariety  of  hosts 
and  are  considered  important  vectors  of  CC  HF. 
based  upon  experimental  studies  1  '  and  field 
isolations  of  the  virus. 

Although  antibodies  to  CC'HF  virus  are  found 
in  numerous  species  of  vertebrates,  very  lew  are 
thought  to  dev  clop  CC'HF  v  iremias  high  enough 
to  be  involved  in  the  transmission  of  the  vi¬ 
rus.'  '  Similar  results  were  observed  by  C  ion- 
/ale/  and  others.  1  who  found  that  uninfected 
female  II  truncation  became  infected  while  co¬ 
feeding  with  infected  males  on  rabbits  Our  re¬ 
sults  suggest  that  a  vertebrate  could  be  involved 
in  C  C  HF  virus  transmission  to  ticks,  ev  en  though 
it  may  not  develop  a  high  viremia.  The  trans¬ 
mission  we  observed  in  ticks  cofeeding  on  a  host 
without  a  detectable  viremia  suggests  that  many 
more  vertebrates  than  previously  considered 
could  serve  as  amplifying  hosts  of  the  v  irus.  en¬ 
hancing  the  survival  of  virus  in  nature. 
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